A s physicians, we work hard to take excellent care of our patients. Years of thoughtful practice and continuous learning allow us to deliver the best that medicine can provide. We often take poor care of ourselves, which can lead to burnout and physical injuries. As gastroenterologists, we spend substantial time performing endoscopic procedures that require repetitive motions such as flexion and extension on the wrist and fingers and torsional movements of the right hand, which may lead to overuse injuries. The volume of endoscopic procedures performed by a typical gastroenterologist has increased significantly in the past 20 years. Moreover, experts predict that by 2020 we will have too few endoscopists to meet clinical demands.
Breadth of the Problem
Examinations of injuries related to endoscopy are limited to survey-based and small controlled studies with a 39% to 89% overall prevalence of pain or musculoskeletal injuries reported. 2 In a survey of 684 American Society for Gastrointestinal Endoscopy members examining injury prevalence and risk factors, 3 53% experienced an injury believed to be definitely or probably related to endoscopy. Risk factors included higher procedure volume (>20 cases/wk), greater number of hours spent performing endoscopy (>16 h/wk), and total number of years spent performing endoscopy. 2, 4 Community practitioners reported injuries at higher rates than those in an academic center. Other suggested but unproven risk factors include age, 5 sex, hand size, room design, and level of training in ergonomics and endoscopy. 2 Injuries can be severe and may lead to work load reduction, missed days of work, [3] [4] [5] reduction of activities outside of work, and long-term disability. 2 Most surveys reflect symptoms localized to the back, neck, shoulder, elbow, hands/fingers, and thumbs likely from overuse causing strain and soft-tissue microtrauma. 6 Without time to heal, these injuries may lead to connective tissue weakening and permanent damage. Repetitive hand movements in endoscopy include left thumb abduction, flexion, and extension while manipulating dials and right wrist flexion, extension, and deviation from torqueing the insertion tube. The use of torque is a necessary part of successful colonoscopy; during scope reduction and maneuvering through the sigmoid colon, torque forces and forces applied against the wall of the colon are highest. When of sufficient magnitude and duration, these forces are associated with an increased risk of thumb and wrist injuries. These movements may result in "endoscopist's thumb" (ie, de Quervain's tenosynovitis) and carpal tunnel syndrome. 2 Prolonged standing and lead aprons are implicated in back and neck injuries 2, [7] [8] [9] ; 2-piece aprons 7, 10 and antifatigue mats 7 are recommended to decrease pressure on the lumbar and cervical disks as well as delay muscle fatigue.
Position of Equipment
Endoscopist and patient positioning can be optimized. In the absence of direct data about ergonomics in endoscopy, we rely on surgical laparoscopy data. 11, 12 These studies show that monitors placed directly in front of surgeons at eye-level (rather than off to the side or at the head of the bed) reduced neck and shoulder muscle activity. Monitors should be placed with a height 20 cm lower than the height of the surgeon (endoscopist), suggesting that optimized monitor height Clinical Gastroenterology and Hepatology 2018;16:1003-1006 should be at eye-level or lower to prevent neck strain. Estimates based on computer simulation and laparoscopy practitioners show that the optimal distance between the endoscopist/surgeon and a 14" monitor is between 52 and 182 cm, which allows for the least amount of image degradation. Many modern monitors are larger (19-26"), which allows for placement further from the endoscopist without losing image quality. Bed height affects both spine and arm position; surgical data again suggest that optimal bed height is between elbow height and 10 cm below elbow height.
Immediate Practice Points
Since poor monitor placement was identified as a major risk factor for musculoskeletal injuries, the first steps in our endoscopy unit were to improve our sightlines. Our adjustable monitors previously were locked into a specific height, and those same monitors now easily are adjusted to heights appropriate to the endoscopist. Our practice has endoscopists from 61" to 77" tall, meaning we needed monitors that could adjust over a 16" height. When designing new endoscopy suites, monitors that adjust from 93 to 162 cm would accommodate the 5th percentile of female height to the 95th percentile of male height. We use adjustable-height beds; a bed that adjusts between 85 and 120 cm would accommodate the 5th percentile of female height to the 95th percentile of male height.
We also moved our monitors to be closer to the opposite side of the bed to accommodate the 3' to 6' appropriate to our 16" screens. Our endoscopy suites have cushioned washable mats placed where endoscopists stand that allow for slight instability of the legs, leading to subtle movements of the legs and increased blood flow to reduce foot and leg injuries. We attempt an athletic stance (the endo-athlete) during endoscopy: shoulders back, chest out, knees bent, and feet hipwidth apart pointed at the endoscopy screen (Figure 1 ). These help prevent pelvic girdle twisting and turning that may lead to awkward positions and instead leave the endoscopist in an optimized position for the procedure. We encourage endoscopists to keep the scope in the most neutral position possible to reduce overuse of torque and the forces on the wrists and thumbs. When possible, we use 2-piece lead aprons for procedures that require fluoroscopy, which transfers some of the weight of the apron from the shoulders to the hips and reduces upper-body strain. Optimization of the room for therapeutic procedures is even more important (with dual screens both fulfilling the criteria we have listed earlier) given the extra weight of the lead on the body. We suggest that, if procedures are performed in cramped endoscopy rooms, placement of additional monitors can help alleviate neck strain and rotation.
Working with our nurses was imperative. We first had our nurses watch videos on appropriate ergonomics in the endoscopy suite. Given that endoscopists usually are concentrating their attention on the screens in the suite, we tasked our nurses to not only monitor our patients, but also to observe the physical stance of the endoscopists. Our nurses are encouraged to help our endoscopists focus on their working stance: the nurses help with monitor positioning, and verbal cues when endoscopists are contorting their bodies unnaturally. This intervention requires open 2-way communication in the endoscopy suite where safety of both the patient and staff is paramount. We are fortunate to be at an institution that trains fellows; we have 2 endoscopists in the suite at any time, which allows for additional 2-way feedback between fellows and attendings to improve ergonomic positioning.
We also encourage some preventative exercises of the upper extremities to reduce pain and injuries. Stretches should emphasize finger, wrist, forearm, and shoulder flexion and extension. Even a minute of stretching between procedures allows for muscle relaxation and may lead to a decrease in overuse injuries. Adding these elements may seem inefficient and unnecessary if you have never had an injury, but we suggest the following paradigm: think of yourself as an endo-athlete. Similar to an athlete, you have worked years to gain the skills you possess. Taking a few moments to reduce your chances of a career-slowing (or career-ending) injury can pay long-term dividends.
Future Remedies
Although there have been substantial advances in endoscopic imaging technology, the process of endoscope rotation and tip deflection has changed little since the development of flexible endoscopy. A freshman engineering student tasked with designing a device to navigate, examine, and provide therapy in the human colon likely would create a device that does not resemble the scope that we use daily to accomplish the task. Numerous investigators currently are working on novel devices designed to examine and deliver therapy to the digestive tract. These devices may diminish an endoscopist's injury risk though the use of better ergonomic principles. This section is not intended to be a comprehensive review and is not an endorsement of any particular product. Rather, we hope it provides a glimpse into a possible future.
Reducing Gravitational Load
The concept of a mechanical device to hold some or all of the weight of the endoscope was first published in 1974. 13 Since then, a number of products have been described for this purpose. [14] [15] [16] [17] In general, these consist of a simple metal tube with a hemicylindrical plastic clip, similar to a microphone stand, or a yoke/strap with a plastic scope holder in the front akin to what a percussionist in a marching band might wear. For a variety of reasons, including limited mobility and issues with disinfection, these devices have not gained traction.
Novel Control Mechanisms
Some of the largest forces on the endoscopist relate to moving the wheels on the scope head to effect tip deflection via a cable linkage. Because the wheels rotate only in one axis, the options for altering and adjusting load are few. One proposed solution is the use of a system with a fully detachable endoscope handle with a joystick style control deck (E210; Invendo Medical, Kissing, Germany). The control deck uses electromechanical assistance-as opposed to pure mechanical force-to transmit energy to the shaft of the instrument. Such assistive technologies have the potential to decrease injuries by decreased load, particularly on the carpometacarpal joint. Other devices seek to decrease the need for torque and high-load tip deflection though the use of self-propelled, disposable colonoscopes that use an aviation-style joystick (Aer-o-scope; GI View, Kissing, Germany). Although interesting and potentially useful, neither product is currently available for clinical use in the United States.
Robots and Magnets
Magnetically controlled wireless capsules have been studied in vivo in human beings on several occasions in the United Kingdom and Asia. Wired colonic capsules are currently under development in the United States. These products use joystick-style controls to direct movement of the capsule. Optimal visualization often requires the patient to rotate through numerous positions and, at least in the stomach, to drink significant quantities of fluid to ensure adequate distention. At present, these devices provide only diagnostic capabilities.
Conclusions
The performance of endoscopy inherently places its practitioners at risk of biomechanical injury. Fortunately, there are numerous ways we can optimize our environment and ourselves. We should treat our bodies as professional athletes do: use good form, encourage colleagues to observe and provide feedback on our actions, optimize our practice facilities, and stretch our muscles. In the future, technological innovations, such as ergonomically designed endoscope handles and self-propelled colonoscopies, may reduce the inherent physical stresses of endoscopy. In doing so, hopefully we can preserve our own health and continue to better the health of our patients as well.
